Background: In 2016/2017, Mozambique conducted a countrywide long-lasting insecticidal nets (LLINs) universal coverage campaign (UCC). This paper aims to describe the planning and implementation process of the campaign in Mozambique.
Background
Despite a substantial expansion of malaria prevention and control interventions, the disease remains endemic in inter-tropic countries, with the burden heaviest in the African region, where an estimated 90% of all malaria incidence and death occurs [1, 2] .
The Global Technical Strategy for Malaria 2016-2030 (GTSM) established an ambitious goal of reducing malaria mortality and morbidity by at least 90% by 2030 compared with 2015 levels [1] . The first pillar of this strategy is to ensure universal access to malaria prevention, diagnosis and treatment, and one of the harness supporting elements is innovation [1] . Proper use of long-lasting insecticidal nets (LLINs) is a preventive measure that can reduce malaria morbidity and mortality, especially in children and pregnant women [3, 4] , and universal coverage LLIN campaign (UCC) is a proven health intervention for increasing population access towards achievement of this goal [5] [6] [7] .
In late 2015, Mozambique piloted a new LLIN delivery strategy for UCC [8] . This pilot tested innovations, namely: coupons, stickers and one LLIN for every two persons as allocation criterion [8] . Two studies conducted in Mozambique have shown that the UCC piloted with the new delivery model has increased LLIN ownership and use, and demonstrated progress for reaching universal coverage targets [8, 9] . This new delivery model was adopted for countrywide scale-up in 2016 and 2017.
Mozambique's National Malaria Control Programme (NMCP) set the general objective for the 2016/2017 UCC: to contribute to the reduction of malaria morbidity and mortality through LLIN universal access. Two specific objectives were set: (i) to ensure that at least 90% of registered households have sufficient LLINs (i.e., one LLIN for every two persons), and (ii) to ensure that at least 80% of LLIN owners sleep under their LLINs.
The aim of this report is to describe the planning and implementation process of the universal coverage campaign in Mozambique during 2016 and 2017. The specific objectives are: (i) to describe the planning process; (ii) to describe the implementation outcomes of the intervention; (iii) to document and share challenges and lessons learned during the campaign planning and implementation.
Methods

Context
In 2015, malaria prevalence in Mozambique was 40.2% [10] . The magnitude of the disease is heterogeneous, being more prevalent in central and northern regions where prevalence can reach near 70%, and less prevalent in southern regions where prevalence is less than 3% in certain provinces [10] . Five provinces have more than 30% malaria prevalence (Zambezia, Nampula, Niassa, Sofala, and Tete), four provinces have between 10 and 30% malaria prevalence (Cabo Delgado, Manica, Inhambane, and Gaza), and only two provinces have less than 3% malaria prevalence (Maputo province and Maputo city) [10] (Fig. 1 ).
Design
A cross-sectional and descriptive design was used for reporting the planning and implementation process of the UCC. The description is divided into two sections: planning and implementation outcomes.
Planning
Macro-planning quantification
Macro-planning was conducted in early February 2016, involving determination of the strategy for the registration and the allocation, as well as for the LLIN distribution. An initial barrier faced at the macro-planning stage was the quantification for the LLINs required to achieve universal coverage. The most recent National Population Census was conducted in 2007, almost 10 years prior to the planned campaign period. Since the National Census, Mozambique has experienced a series of natural disasters, as well as periods of political instability, both of which have led to population movement. In addition, Mozambique is experiencing increased urbanization, including in cities outside the capital and the port areas [11] . Therefore, the 2017 population projection based on the census was unreliable, and a correction factor needed to be applied to adjust population figures to more closely reflect reality. For some provinces it was possible to apply a correction factor based on the variation between population projection estimates and data collected during the household registration (HHR) phases of recent campaigns. For provinces that did not have recent campaign, a 5% correction factor was applied.
After applying this correction factor, a new at-risk population was determined and the number of LLINs required was established by dividing that population by 1.8 as recommended for LLINs quantification [12] ( Table 1) .
Phases of campaign implementation
The campaign was planned to roll-out in phases, starting in the northern region and in provinces with the highest malaria prevalence. The roll-out plan was developed based on the following parameters: (i) provinces, (ii) number of nets, (iii) port of entry, (iv) planned date of arrival at port of entry, and (v) planned dates for distribution. Table 2 shows the detailed roll-out plan for 2017 campaign.
Establishment of coordination groups
The establishment of central level coordination groups was necessary for planning and for coordination of campaign actors. A National Coordination Group (NCG) was created which, with the support of the four National Technical Sub-Groups (NTSG, described below), coordinated the planning and implementation of the UCC.
The NCG was led by the NMCP manager and assisted by the Director of the Malaria Project funded by the Global Fund-World Vision Mozambique. Other members of this group included representatives of international and national partners that cooperate with NMCP, such as the US President's Malaria Initiative (PMI) and the World Health Organization (WHO).
Four NTSG were also created in order to give technical support to the NCG in the following areas: training; communication; logistics; and data management. These NTSG provided technical inputs to the decision-making process of the NCG, while the NCG reported to a higher level of decision-making at the Ministry of Health (MoH), the Public Health Directorate (Fig. 2 ). The Public Health Directorate was responsible for providing necessary information to the Minister of Health, who would disseminate UCC updated information to all Ministries. This structure contributed to multi-level engagement, advocacy, and mobilization.
At provincial and district level, similar structures were created: provincial/district coordination groups, and provincial/district technical sub-groups. The provincial coordination group (PCG) was a political engagement and advocacy group, composed of government members from different provincial sectors: health, agriculture, fishery, education, police, and others. The PCG was chaired by the provincial Governor and coordination meetings were organized on a regular basis by the Governor. The district coordination group (DCG) had a similar role and composition, led by the district administrator ( Fig. 3 ).
Table 1 Macro-quantification of long-lasting insecticidal nets for universal coverage campaign
a In Nampula province, no correction factor was applied since the LLINs were already procured before the quantification decision. An additional 200,000 LLINs were added as buffer The provincial technical sub-group (PTSG) was a technical group that coordinated the campaign implementation, and was composed of the Provincial Medical Chief, Head of Public Health Department, Malaria Focal Point, Community Involvement Focal Point, Implementation Partner Coordinator, and other provincial health technical staff. The PTSG held regular coordination meetings on a weekly basis. The district technical sub-group (DTSG) had similar role and composition (Fig. 3 ). The information was shared from district to provincial to 
Campaign tools
The following main campaign tools were developed and used during 2016/2017 UCC:
• Micro-planning tool: Used during micro-planning phase in order to create a positioning plan. The micro-planning tool has been previously described and shared elsewhere [8] ; • Household registration tools: Coupons, stickers, and household registration sheets. Coupons and stickers have been previously described and shared elsewhere [8] . The household registration sheet is available as Additional file 1: Appendix S1; • Distribution phase tools: Benefited household tally sheet and distributed LLINs tally sheet. The tools are available as Additional file 2: Appendix S2 and Additional file 3: Appendix S3; • Logistics and LLIN tracking tools: Warehouse stock form and waybills for use during LLIN transport, used to ensure high accountability for the LLINs through the supply chain based on the provincial transport plan. The tools are available as Additional file 4: Appendix S4 and Additional file 5: Appendix S5; • Operational payments plan: An operational payments plan was developed to map and identify payment methods according to different involved actors. Three payment methods were considered: bank transfer, mobile money and cash-on-hand. An example of detailed operational payments plan is available as Additional file 6: Appendix S6.
Advocacy, engagement meetings and mobilization
In each province, an advocacy and engagement meeting preceded (1 month ahead) the micro-planning workshop. High level representatives of the government from each district and province participated in the meetings, which were facilitated by technical staff from NMCP and Civil Society Partners, to explain the campaign purpose and strategies, and discuss ways that these influential people could support the campaign planning and implementation. Following the provincial engagement, journalists from each district and province were trained (a total of 134 journalists) for mobilization around campaign implementation. Radio and television spots were created and broadcast during household registration and distribution phases to mobilize the population to participate in the campaign and receive LLINs. Additionally, mobilization meetings took place at each district involving the district government and other stakeholders including: political parties, associations of traditional healers, community leaders, influential members in the district (local businessmen, private sector service providers) and community radio coordinators.
Advocacy materials were created to support mobilization of the population and ensure consistency in information received and disseminated. Materials included: guides for leaders, journalists and influential individuals; t-shirts with the image of a LLIN hanging and a family sleeping under the LLIN; education pamphlets on LLIN use and care; and a job aid for use during the household registration. A free central level telephone hotline functioned 24 h a day/7 days a week with the purpose of clarifying doubts about the campaign and responding to questions regarding malaria or the LLINs.
Trainings
Trainings were organized in a cascade manner at central, provincial and district levels. Three central-level training of trainers (ToT) sessions were carried out, allowing development of the necessary tools for implementation, ensuring lessons learned and modifications were incorporated in each subsequent campaign phase and creating equal understanding among central-level staff regarding the campaign implementation strategies. In each province, separate micro-planning workshops and TOT sessions for implementation of the campaign took place to train the provincial and district coordination groups. The cascade trainings have been previously described elsewhere [8] .
Household registration planning and implementation
Household registration was conducted by community volunteers whom had at least a grade 7 level of education. Each household registrar had to register between 20 and 30 households per day over a period of 7 days. The household registration strategy was based on the coupon-sticker demand effect observed during the pilot study, i.e., following the household registration, households received vouchers for LLINs in the form of coupons that they redeemed at a pre-specified location [8, 9] .
LLIN allocation
During implementation in Nampula province, where the revised strategy was first piloted at scale, no maximum number of LLINs per household was established. Over the course of the provincial pilot, a maximum of five LLINs per household was established for some districts province due to observed inflation of number of household members [8] . Following the provincial pilot, the NCG took a decision to set a maximum of four LLINs per household for the remaining provinces. In the last phase of the campaign, which targeted Maputo province and Maputo city, a maximum of three LLINs per household was established due to some apprehensiveness of LLIN shortage related to movement of nets procured for provinces in the southern region to the central and northern regions to fill gaps in LLINs following household registration ( Table 6 in "Results" section). As a consequence of these movements, five out of seven districts of Maputo city were not covered during the LLIN distribution.
Rapid monitoring of household registration
Rapid monitoring of household registration was carried out using Lot Quality Assurance Sampling (LQAS). Each district to be assessed had a team of seven monitors, with a leader for each team. The steps and results of the rapid monitoring are available as Additional file 7: Appendix S7.
Distribution team composition and roles
The distribution teams involved in the LLIN distribution phase (planned for 5 continuous days, with maximum of 2 days extra) were composed of five fixed elements and three non-fixed elements. The five fixed elements were: one team leader, one mobilizer, one coupon receptor, and two LLIN distributors. The three non-fixed elements were local community assistants, recruited at the distribution point by the team leader to help with organizing the queues, moving bales from vehicles to distribution points and distributors, opening the LLIN bales, cleaning up the distribution point, or performing other tasks as requested by the team leader.
Implementation outcomes
The following two categories of indicators are herein reported:
Process indicators
Number of household registrars involved; number of distribution teams (DTs); LLIN needs after household registration variation (%) calculated using the following formula: (LLINs needs after household registration − macro-planned LLINs): macro-planned LLINs × 100; registered population variation (%) calculated using the following formula: (registered population − macro-planned population):macro-planned population × 100; and registered households variation (%) calculated using the following formula: (registered households − macro-planned households): macro-planned households × 100.
Performance indicators
Ratio of households (HH) to household registrars (HHR) by day, calculated by dividing registered households by number of registrars and dividing by 7 registration days; average number of households served per day per distribution team, calculated by dividing registered households by number of DTs and dividing by 5 distribution days; average number of LLINs distributed per day per DT, calculated by dividing LLINs distributed by number of DTs and dividing by 5 distribution days; percentage of LLINs distributed, calculated using the following formula: distributed LLINs: LLINs needs after household registration × 100; percentage of households served with LLINs, calculated using the following formula: benefited households: registered households × 100; and estimated population access to LLINs (calculated by multiplying the number of distributed LLINs by 1.6 and dividing by target population [13] ).
Results
The 2016/2017 universal coverage campaign was launched on 3rd November 2016 in Niassa province by the President of the Republic of Mozambique. The campaign ended on 6th December 2017 in Maputo province.
A total of 55,875 household registrars were trained and involved, which gives an average ratio of 18 households being registered per household registrar, per day (range 16-21). A total of 5897 distribution teams were trained and involved in the campaign, corresponding to an average of 239 benefited households per day per distribution team (range 191-474), and an average of 562 distributed LLINs per day per distribution team (range 496-1146) ( Table 3) .
Registered households
A total of 7,049,894 households were registered (less 2.3% from macro-planning) corresponding to a total of 31,972,626 persons (11% more from macro-planning figures). This figure corresponds to a need of 17,152,147 LLINs (6% more than macro-planning) ( Table 4 ). It is important to note that all seven districts of Maputo city were considered in the macro-planning process; however, due to shortage of LLINs between macro-planning and actual needs after household registration in the central and north regions, five urban districts of Maputo city were not targeted for LLINs distribution, with only two districts receiving LLINs. This explains why the variation between registered households and planned households is − 97% ( Table 4 ).
Delivered LLINs, households served and estimated population access
A total of 16,557,818 LLINs were distributed from November 2016 through December 2017, which corresponds to 96.5% of the LLIN needs after household registration (Table 5 ). If the percentage of distributed LLINs is based on the macro-planning figures, administrative coverage would be 102% (16,557,818/16,241,241). It should be noted that during the roll out of the campaign by phases, gaps in LLINs based on household registration were filled by moving LLINs from one province to another ( Table 6 ). The LLINs distributed benefited 95.2% (Table 5 ). 
LLIN lateral movements
Discussion
The first countrywide UCC ever conducted in Mozambique resulted in a distribution of 97% of LLIN needs based on household registration data, covering 95% of the registered households. This results in an estimated 85% of the targeted population having LLIN access in Mozambique. The total financial cost of implementation from providers perspective was US$ 20,280,750, which gives an average cost per delivered LLIN of US$ 1.22. During the household registration, results from rapid monitoring showed that none of the districts met the criterion for re-doing household registration, and the overall number of fails during the household registration for the three main criteria amounted to less than 3% of households surveyed (Additional file 7: Appendix S7). However, the number of fails for household registrars providing an explanation on how to correctly use LLINs was higher (around 12% of households), and nearly 8% of households during registration phase did not know where the distribution point was located (Additional file 7: Appendix S7).
These results have some implications. Once households have been registered and LLINs pre-positioned for distribution, they should then go to their respective distribution points and exchange their coupons for LLINs. The number of LLINs transported to each distribution point is based on the results of the household registration, which provides the number of nets needed to reach all households around the distribution point. A household member not knowing the location of their distribution center can lead to a number of outcomes: a. The household does not exchange their coupon for LLINs and thus is not covered, affecting achievement of the campaign outcomes; b. The household attends an incorrect distribution point and is told to go a different location for their LLIN, incurring time and potential transport costs to receive the LLIN and potential non-reception of LLINs; c. Over-crowding in some of the distribution points, therefore resulting in long queues and dissatisfaction of some household members when there are insufficient LLINs; d. Fewer people attending distribution centers than planned, resulting in a surplus of LLINs while people are being served at a different distribution point that will have a shortage of LLINs; e. Lateral movement of LLINs in the middle of the distribution, with risks that tracking tools are not filled out correctly as situations are urgent.
Fortunately, the number of households that did not know the distribution point was not excessive.
Despite some household members not receiving a proper explanation on how to correctly use LLINs, the number of households was also not high. In fact, household registrars have a dual role-to register and mobilize-but the quality of the two roles during implementation is not always equal. Training plays an important part in what the household registrar-mobilizer will consider to be the more important part of their role, based on both the emphasis put on various topics by the trainers, but also in the time spent on topics over the course of the training.
Operational challenges
The first challenge was related to the planning process to coordinate and roll out the campaign. The major challenge in this phase was the need to re-create all the necessary tools for running the campaign once the new strategy was formally adopted, as well as to increase accountability for the LLINs. This included: standard budget, micro-planning tool, logistic plan of action and supporting tools for LLIN accountability, transport plan, household registrar forms, coupons and stickers, and tally sheets for household served and LLINs distributed.
The second challenge was with the micro-planning process, ensuring that the district level stakeholders remained strongly engaged and highly active during all the campaign phases. Real time communication through various channels (WhatsApp, e-mail, telephone call) enabled the central team to coordinate with all provinces and districts and provide necessary technical support, even when not physically present.
At the early stage of the campaign implementation (Nampula province), the absence of a maximum number of LLINs per household and a lack of coordination and planning between the implementing actors at provincial level was a challenge, leading to constraints, including slow recognition and resolution of problems [8] .
Lessons learnt from Nampula province guided improvements for the next provinces: coordination was reinforced (strong engagement of provincial health authorities, high level political engagement at all levels); coupon production was centralized to ensure that the suppliers followed the standards established; and a maximum of four LLINs per household was established.
The third set of operational challenges were related to logistics and can be divided into two main aspects: materials and payment of campaign actors.
Challenges with materials
Challenges with materials were mostly related to quantification, given the discrepancy between macro-planning (based on population projections) and micro-planning (based on information collected in each district) figures. Despite early quantification for materials and including a 20% security stock, substantial population changes after micro-planning affected the needs for materials. Given these problems, additional materials had to be ordered with short notice and delivery time, which at times delayed the roll out of campaign activities.
Challenges with payment of campaign actors
Campaigns involve a significant number of actors that need to be paid and there is a strong push from funding partners to move away from cash payments given the high risks (e.g. transport of money, payment in nonsecure locations, inability to control communication about payments leading to many people being informed).
The majority of the 55,873 household registrars (corresponding to a labour payment allowance of more than US$ 2 million for household registration) did not have formal bank accounts and their location in remote areas of districts made cash payments challenging. The banking system in Mozambique is weak, concentrated in very few economically important districts and in urban areas. In terms of payments by mobile phone, the availability (or penetration rate) of cell phones among households in Mozambique is still low, covering 45.6% of households in rural settings [14] .
Based on a socio-economic and context analysis, a mix of three payment methods (bank transfers, mobile money payment, and cash-on-hand) was adopted in order to reduce cash-on-hand payments.
The experience of implementing these three methods demonstrated some challenges, particularly related to bank and mobile money payments:
• Errors in some beneficiaries' bank account information created delays for fund transfers when they were ordered; • Accounts for beneficiaries from different banks than the sender's bank created delays in payments, since with different banks, the providers bank transfer order becomes available in the beneficiaries' account only after 72 h; • Low mobile money agent coverage made this payment method unsuitable for the majority of beneficiaries in remote rural areas; • In areas where mobile money agent coverage was high, the mobile money agents' liquidity was limited; • Selected mobile money operators faced operational limitations, which in turn limited the mobile money payment option.
With these constraints, the cash-on-hand payment had to be used often (despite risks related to theft, security of those doing the payments at community level, and financial reporting). Even with this payment method, long distances and shortages of payment personnel created delays, which resulted in some frustration for the beneficiaries. At some point, the banks also became part of the problem given disruption in liquidity of funds.
These constraints have been translated into lessons learned:
• Payment planning process should be prepared early, involving discussions with banks, mobile money operators and their field agents to ensure sufficient liquidity; • Collecting beneficiaries' bank account information and mobile phone numbers well in advance of the payment period is crucial to allow time for a crosscheck and confirmation of the accounts and mobile phone numbers and make adjustments to avoid payment delays; • Mobile money payment should only be considered in urban or rural areas with a strong phone network and a good ratio of mobile money agents to beneficiaries. Mapping these areas is crucial for a successful mobile money payment; • Micro-planning information should be used to develop a payment plan for each district based on resources available across the three payment options; • It is of paramount importance to explain to the beneficiaries in advance that some payment delays may be experienced and to provide a window of time between the end of the activity and payments.
Last but not least, the fourth challenge was central team burnout. The same central team was involved in the planning, coordination, implementation, and problemsolving of the campaign for more than 1 year. Recruitment of the highest performing technical personnel from provinces completing campaigns in order to have them support provinces in the subsequent campaign phases is a recommended strategy to avoid burnout. Despite these challenges, the campaign was successfully implemented and contributed to increasing household ownership and population access to LLINs, as well as their use, making a significant contribution to the reduction of the malaria burden in the country.
Conclusions
Joint planning and coordination of NMCP and Civil Society Partners made it possible to successfully carry out the first countrywide LLIN universal coverage campaign in Mozambique. High political commitment, engagement and support were essential factors for success. The LLIN universal coverage campaign in Mozambique, distributing over 16 million nets, has resulted in increased LLIN ownership and use, with potential implications for the reduction of the malaria burden, therefore contributing to the achievement of the Global Technical Strategy for Malaria 2016-2030 goals. The authors strongly recommend early programme, financial, and logistics planning for future campaigns, ensuring lessons learned from this campaign are taken into account to improve implementation quality.
